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By Henry S. Rawdon.

Light aluminum alloys of the duralumin type that is, high-
strength wrought alloys whose properties can be improved deeid—
edly by heat treatment are of very great 1mportance espe01ally
in the form of sheet and tubes, for aircraft construotion. The
peImanence of such materials when exposed to corros1ve oondi—
tions such as may obtain 1n aircraft serv1oe should be known
however w1th a high degree of certainuy and pieeautlonary meas—
ures taken to guard against any possible serious deterioration:‘
in service. To obtain reliaole 1nformat10n along thls 11ne an
1nvest1gation the results of whioh form the basis of this series
af reports (Reference l) has been carried ou+ at the Bureau of
Standards in oooperation with the National Advisory Gommittee |
for Aeronautios, Buieau of Aeronautics of the Navy Department
and Army Air Corps. The leading manufacturers have also partlo—
1pated in the 1nve3ui5ation by furnishing practically all of the
materialslneeded. The 1nvest1gation which was started in the’

latter part of 1835, is st111 in progress and final and oomplete

answersg have not been reached on all points concerning the perma-
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nence of duralumin in service., The information which has been
obtained, however, is'of very considerable value to both manu-
facturers and users ofaircraft and its publication at this time
would seem to be warranted although possibly some of the state-
ments wade may be modified slightly in the light of futuré Te-

sults. T
I. Introduction : A

In the preceding repoxrt of this series, the deteriorating
effect of intercrystalline corrosion upon the teneile proper-
ties of sheet duralumin was described and it was shown by means
of accelerated corrosion tests that the durslumin type of alloy
is, in general, subject to this form of deterioration. Although »
gsome of the different heat-treatable aluminum alloys are much
more sﬁsceptible to the intercrystalline form of corrosion than
others,-fhe composition of the alloy does not appear to be the
single controlling factor. Brief reference was also made to
the facf that duralumin obtained from different sources frequent-
ly varied very considerably in susceptibility to intergrystalline
corrosion. Mention was also made to the effect that, with the
same matefial, the corrogion resistance sppeared to vary accord-
ing to its previous treatment, particularly its heat treatment.
The outstanding characteristic of duralumin and the one which
underlies its usefulness as a high-strength light alloy, is .
the fact that its mechanical properties can be very materially

improved by heat treatment., It is of decided importance, there—



¥.A.C.A. Technical Hote Yo. 2384 3

fore, to know whether or not the unsatisfactory behavior of
duralunin under corrosive conditions is, in any way, related.to
or dete:mined by the heat trestment methqu.uéed for developing
the hig@-stxgngﬁh properties of -the material.

~In this. repory, the dependence of: theg susceptibllity of . -
sheet duralumin fo lnbtercrystalline corrosion ‘upon-the treatment
which the material -has received is;discussed,.:The materials
used:an¢ the methods are.similar to those described in the pre-

vious report, to which reference shpuld-be made for details.
1T, " Principleés of Heat Treatment of Aluminum Alloys

The term Yheagt treatment" is.used here in a slightly limit-
ed sense to. refer only %o the series of thermal operations by
which. the hardness and strength properties of. the material are -
increased. _Essentially this treatment consists -in two parts: ..
first, heating the magterial at a sufficiently high temperature
and for a sufficiently iong period to permit ‘the structural
constituents resulting from the presence of the alloying ele-
ments (Cu, Si, Mgz) tg'be absorbed in solid solution by the alu-
minum-rich matrix, followed by rapid eooling in.order to main-
tain this structural conditlion at room temperature; second, an
aging. of the quenched material whereby the haudness.and stréength
are very materially .increased. A precipitation of the-alloying
constituents from the solid-solution:form into discrete parti-

cles still of submicroscopic dimensions, however, is quite gen-
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erally believed by metallurgists to constitute the "mechanism"
of aging.;‘Ianuraluminh aging takes place at Toom temperature
and begins soow after the materisl has been quenched. In some
of the related high-strength light alumlinum alloys, howéver,
heating is necessary in order to bring about the full strength-
ening effect of aging. Thig is termed "accelerated aging."

The fabrication of any "builb-up" structure of any of'%he .
high-~gtrength aluminum alloys must of necessity be done on the
relatively soft7materiai if any forming operaticﬁs are required.
Whenever possible, it is preferable to carryféﬁt ﬁhe heat treat- -
-ment on the assembled gtructure. Often this is-not practlcable, >
in which case, the forﬁing operations must be done after the ma-
terial has been quenchéd but before the hardening (aging) proc-
ess has advanced %o &ny prondunced extent. - 'Any forming opera—
tion of the heat-treatéd material would constitute a cold work-
ing of the alloy snd, reasoning by anaiogy from our Xknowledge
of the.effeet of ‘cold working on the cbrrodibilit& of iron and
steel, such a condition would be regarded as undesirable as
judged by its effects upon the corrosion of the material.

. In this investigation the effect of the cold working of the
material on its behavior when“corrodéd-ﬁas observed by corrodipg
tenslion specimeéns which had been permahéﬁtly stfeﬁchéd an arbl-
trarily determined amount, thé'stfefchiﬁg Yeing carried out at
progressively longer intervals of time following the quenching

of the material. Some additional teste were carried out on spec—
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imens which had been deformed either by cold rolling, beﬁdiﬁé;
or crimping. In the study of the effect of the heat-treatment
factors upon the susceptibility of duralumin to corrosion, par-
tilcular attention wgs paid to the following: (1) The effect of
temperature and duration of heating prior to quenching; (2) The
effect of the quenching medium; (3) The effect of accelerated

aging and heating after aging.

ITI, Effect of Cold Working

In considering the possible interrelation of the deforma-
tion of sheet duralumin by cold working and the rate of corro-
sion, one is interested, first of all, in determining whether
the -susceptibility to intercrystalline corrosive attack of cold-
worked heat-treated sheet duralumin is greater than that of plain
heat-treated material and, if so, how the cold forming of such
material should be carrled out with respect to the heat treatment
operations.

In Zigure 1 are summarized the results of corrosion tests
carried out by the intermittent repeated-immersion method on
tension bars of commerclally heat-treated sheet duralumin which
had been cold-worked by permanently stretching the bars before
subjecting them to corrosion. (The composition of the material
is the same as that given in the previous report, Table II.)

In determining the magnitude of the effect of cold working upon
corrodibility, comparison should, of course, always be made with
the material as cold-worked, but before. carrosion, instead of

with the material in its initial state, since cold deformation
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results in a raising of the ultinmate tensile strengﬁh and a low- -
ering of the unitv eloagation. " In numerous cases, the tensilo- _
strength of the stretched bars after corrosion was greater than
that Qf the initial unstretqhed_maierial. Likewise{ if allow;

ance is made for the drop in the elongation which resulted frqm

cold working, 1t will be seen that the change in this property,

which resulted from corrosion, is much less than might be assumed

[

from casual inspection. The results obtained with specimens

! fli

Wwhich were deformed in the cold by bending them either trans-
: : o -

versely or longitudinglly along the central axis (followed by

T

straightening in bothicases) are in general accord with those

Zor the stretched bars, However, since the change in the proper-

.
h

ties o the materigl locally, that is, along the line of the_bendl
is unknown, a close comparison cannot be made. It migh? be éé;
pected in these cases that, as a result of microscopic fiegugps
formed along the line of bending, the gorrosive attack quld be
most severe in such portioms. No distinct Qvidence of thls was
noted, however, “ | )

On the whole, the results obtained by corroding speclmens
vhich had been deformed (cold) by stretching them a known amount,
measured in each case on the 3-inch gauge length (Fig. 1) indi-

r—
L4 i =
-

cate that. heat-treated sheet duralumin which has been deformed

cold corrodes at a somewhat faster rate than similar matericl
which hag not been sfrained in this manner. The difference in

the behavior, however, is not great enough to justify the conclu-
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gion that cold-erkingTia the fundamental cause of the intercrys-
talline corrosion of duralumin and this condition should there-
fore, belfegardedlas a contribitory factor, only.

. The results obtaingd wi?h tension bars which were stretched
ﬁ.définite amount within a known . period after being quenched
se;ﬁe to confirm this conclusion. The~aging process by Wwhich
duralumiﬁ becomes stronger and harder begins very shortly after

. the material has been gquenched and continues at a slowly dimin-
ishing rate for severgl.days. Ayproximately full strength is at-
tained after 72 hours! aging.. This is shown by Figure 3, which
gives the stress required in oxder to;stretch-a specimen 2 per
cent in iength. Such a disgram demonstrates more strikingly the
advantage of carrying out all forming operations immediately af-
ter quenching than does the one usually given which shows the
change in hardness ocourring during aging. As will be seen from
the results of Figure 3, permanent stretching of sheet duralumin
by an amount of 2 per cent (measured on a central 2-inch gauge
length), does not appreciably affect the corrosion behavior of
the material, provided that the stretching 1s done within 24
hours after the mate:ial has been quenched. Bars stretched 73
hours after being quenched gave indications of a gomewhat greater
susceptibility to corrosion. Even in these cases, however, the
results, for the corrosive condition used, were not at all sﬁg-
gestive that the corrosive attack had been very greatly acceler-

“atgi by deforming the sheet in. this Manner.
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IV. Variables in Heat Treatment
l. Effect of Temperature arnd Duration oleeating
Prior to Quenching )

In the heat treatment of .duralumin, the alloy is usually heat-
ed at a temperature slightly above 500°¢C (QSOOF):and queriched from
this temperature. In the 1atest.recommendations-fof the heat
treatment of aluminum alloys (Reference 23), a temperature range of
495-515°C (935-960°F) with a preferred temperature of 510°¢ (950°
F) isg given for the duralumin composition. In order to show what
effect the temperature at which diiralumin is heated and the dura-
tion of heating at that temperature prior to quenching may have
upon the susceptibility of the héat~treated alloy to intercrys-
talline corrosion, specimens were heated at a temperature well
above that at which complete solubility of the copper constituent
is attained, and a similar set at a temperature somewhat below
this point. At the time this investigation was started, the most
reliable information as to the temperature at which solubllity
of the copper constituent is completeins that given by Archer'
and Jeffries (Reference 3); who showed that complete solubility
of the copper constituent'in an alloy containing 4 per cent cop-
per may be expected to occur at approximately 4680%¢. Accordingly,
a temperature of 505°C (500-510°).was chosen as representative of
one well gbove the solubility peint, also incidentelly as repre-
sentative of current heat tremtment proctice, end a temperature

of 435°C as being well below the point of oomplete solubility.
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In a very carefully.conducted investigation on very pure mate-
. rials, Dix (Reference 4) has recently shown, however, that com-
plete solubility of the copper cqpstituent in a 4 per cent Cu-
Al alloy is not attained until a temporature only slightly be-
~low 500°C im reached. _

- The sveccimens of the l4-gaugzge gheet used were:of the.same
composition as given in the previous repor§ (Table I) and-weze
considered to be representative of the product of the two coop-
erating menufacturcrs (A and B). The heating periods for the
‘higher temperaturc ranged from 15 minutcs to 8 hours; for the
lower tempcrature, 1 to § hours. The tensile properties of the
heat-trecated material (quenohed in cold water ond aged at room
temperature) before corrosion and after 40 dayse' attack by a
calcium chloride solution are summarlzea in Figu*e 4,

These results show definitely that 425 G is too low & quench-
ing tempecrature to Gevelop Iully the propcrtles of duralumin by
aging. For the sheet material heat treated at the hlwner temper-
ature, no practical advartaoe would appear to be *alned by pro-
longing the heating period much beyond 15 minutes. Specimens
heated for a very long time (5 to & hours) showed a somewhat
lower tensile strength than those heated for d very much shorter
time, presumébly because of the increased grain size occurring
durlnv the 1ong neating periods. In addition to uniformly lower
tensile pIOperties shown by the maierlal quenched at 425° C,

these spe01mens also snowed a lower corrosion resistance whlch
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in the case of the A material, was decidedly lower. 1Ip genersl,
the results.obtained for the corroded specimens indicated no Pro—~
nounced or significant differences which could be attributed to
the different heating periods used, aside from a slightly gresat-~
er corrosion-resistance shown by the material heated for the
longest periods. This difference, however, was not great enough
to warrant consideration of it as a practicable means for in-
creasing the corrosion resistance of duralumin. It may be con-

cluded from these tests, therefore, that provided the material

is "fully heat-treated" by being quenched from a tempergture well

above that at which solution of the alloy constituents is at-
talned, the corrosion resistance is not materially improved by
holding the material for a relatively long time at this temper-
ature prior to quenching. - I

3. Effect of Quenching Medium

\
It is very generally recognized that the mechanical proper-

ties of heat-freated sheet duralumin are quite uniform, regard-
less of the quenching medium used in carrying out the heat treat-
ment. The results summarized in Figure 5 are in good agreement
with previously published data by other investigators, and show
no wide variations in the tensile properties of l4-gauge sheet
duralumin aged after being Quenched in various medlia, ranging

- from boiling water at one eitréme to ice water at the othex,

The properties in each'cése are of the same order of magnitude

and are well above the minimum values often specified for such



N.A.C.A. Technical Npote No. 2384 11

material (55,000-80,000 1b./sq.in. ultimate tensile strength, 18%
elongatlon in 3 in.).: The difference in the susceptibility of
this materlal to intercrystalline corrosion after being heat-
treated 1n the dlfferent ways indicated is not nearly so well
known. however. At the time. this investigation Was started alwmost
no'lnéﬁrnaflon on the point was available. Kherr'(qeference 5)
had prev1ously meptioned “that there was some evidence that the
resistanoe to corrosion is 1mproved by quenching in cold Water“
and ha& ci%ed'in support of this,-a few observations made on heat-
treated.shect specimens which had been exposed for 30 daoys in the
galt (NaCl) épra& test. The materials which:had been quenched in
boiling water and in oil (70°F) were graded as showing only
"alight corrosion buf more than that of similar material quenched
in cold water (80°F) which showed "very slight corrosion." That
this observation was consideied of acédemic interest rather than
as having any piactical signifiéance 1s evidenced by the fact

" that in describihg the various high-strength aluminum alloys and
the methodé for treating them, Archer and Jeffries (Reference 3)
stated, three years later, that "it is common $0 quench them in
hot waber, ! Hot—water quenching has besn followed rather exten-
sively as a commercial practice and its advantage stTongly empha-
sized (Referenée 6), especially when fused salt baths (nitrates)
are used‘qs the means for heating the alloy prior to quenching,
since the adhering sﬁlt film is much more readily removed by the

hot water than by any other of fhe common quenching media.
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Duralumin tension specimens which had been heat-treated by
being permitted to age six days al room temperature after being
quenched in various ways, were corroded by the intermittent im-
mersion method previoﬁsly described. The following quenching
methods were used: boiling Water;; 0il (Houghton's No. 2) at
2990 (84°F); water, 35°C (77°F); 15 per cent sodium chloride
brine, 27°C (80°F); ice water, 23°C (35°F); and a waber "pres-
sure spraoy" (50-pouﬁd pressure from a scries of orifices sur-
rounding the specimen). (The so@ium—ohloride brine was used on-
ly for experimental purposes, because of its high "quenching
properties" as shown with steel, and is nét recommended as &
commercial method for aluminum alloys.) The properties of the
specimens after corrosion are summarized in Flgure 5. The zreat-
er susceptibility to corrosion of the material quenched in hot
Water or in oll is very evident, in the change in both the ten-~
slle strength and in the elongation. The-differenoes in propcr-
ties, after corrosion, of the specimens quenched in water at
room temperature as compared with_%hose_quenched more drastic-
ally are, on the whole, not pronounced enough to warrant a recom-
mendation for the exclusive use of the one in preference to the
othexr. The microstructure of the corroded specimens clearly
shows, even more strikingly than do the tension tests, the dif-
ference in the nature of the corrosive attack following the dif-

ferent quenching treatments., This is shown in Figure 6.

The B duralumin received in the oil-qQuenched snd aged con-
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dition and quite susceptible to intercrystalline corrosion as
received, due to the slow cooling rate in quenching, was made
equally resistant wifh the cold-water quenched A material by
re—~treatment and cold-wagter quenching. The more pronounced sus-
ceptibility of hot-water-quenched durslumin sheet to intercrys-
talline corrosive attack by chloride solutions, as compared with
that of cold-waber—-quenched material, would appear to be estab-
lished beyond all question and as such, has been recognized in
the most recent recommendations for the heat treatment of this
class of material (Reference 3). Material which has been quench-
ed in cold water is not to be considered, however, as being com-
pletely resistant to all corrosive attack. The familiar pitting
type of attack still occurred to some extent for such material
when it was corrocded by the accelerated corrosion test method.
Very thin sheet duralumin (for example, .008 inch) which
has been quenched in cold water frequently, shows a corrosion
resistance which is no better than that of the same material
quenched in hot wgter. This is especially true when the treat-
ment is carried out on rather small pieces. Even when the mate-
rial is transferred from the fused nitrate heating bath to the
cold water with as 1little delay as possible, the heat-treated
sheet 1s not very different in its corrosion resistance from the
hot-water—-quenched sheet. Both are quite susceptible to inter-
crystalline corrosion. The shielding of the surface by the ad-

hering nitrate film as the material enters the cold water, is
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probably responsible for wmuch of the effect. - =
Even with some of the alloys, the full aging of which can
only be accomplished ot on clevafed teﬁnehature such as tho
alloy of copper and zluminuﬁ.(abs) the rate of qucnchlng muy
have a very declded effect upcn tne SuSCGptibllltf of the
quenched materlal to cor1031on as may be scen by the reeults o ” =
in Figurc 7. The spccimens 01 the naterlql 258, which were
quenched_at a slower rate by using 011 and hot ther showed
lower_resistance_to ccrrcsion than those quenched moTe rdﬁidiy
by_the uee of ccld wnter; It will be Been from the discussion
in the next section that tire use of e nedlum having a relative—
1y elow quenchlng raxe approxlmates acceleratod aglng to some L
extont in its ;esults. Hence, the alloy 258 quenched in hot
uater, when co::oded behaves in o somewhatl31mlla1 manner to the
alloy aged at an elevated temperature, although the hot-water
treatment is notvsufficient to'deuelop fully the strength prop-
ertics of the materizl, On the other hand the alloy B1S (Mg-
Si—Al»al3oy) when Quenched in ho£.Wa£er did not ehow the
marked dl;ference in its cor1081on 1e51stanoo from that dquenched
in cold.watcr . a8 dld the Gu—Al alloy. In thls case, hot- watcr

quenchlng rcsulted 1n prqctlcally no avlng of the naterial since

NE

a higher temperature and a much ‘longer perlod is rQQulred for
the olloy, 518. ' |
3. Accelerated Aging and Feasting after Aging

 In duralumin, the age-hardening process occurs normelly atb
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. essary in order to. develop the highest mechanical properties.
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Toom temperatures cnd, although this change may be avcelerated
by using an elevated temperature, the need for accelerated aging
of this material very seldom arises. For the other high-strength

aluminum alloys, however, accelerated aging is ordinarily nec-.

Some results included in the previous report indicated that
these maofterials which had been aged ot an elevated temperature
showed more propenslity toward intercrystalline corrosion than
when aged at room temperature.- In order to show this effect '
more definitely the tests, the results of which are summarigzed
in Figure 8, were carried out,’

Tension specimens of the duralumin composition were quenched
in ice water from a temperature of 500°C. Some were aged limne-
diately at 100°C (24 hours), others at 200°C (4 hours) and a
third set allowed to age at room temperature. The tension tests
of the bars. after corrosion showed a very ﬁarked difference in
the susceptibility toward corrosion of the matenial aged at -
200°C as compared with that aged in the normal manner. Accord-
ing to. the tension tests the material aged at 10000, showed no
marked difference in .its. corrosion behavior from that aged at
room temperature. The microstructure of the corroded bars, how-
ever, showed definitely: that the propensity to intercrystalline
attack, for the aging treatments used, increased =s the aging
temperature was raised.

This effect of accelerated aging on the susceptibility to

intercrystalline corrosion is much more strikingly shown by the
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results of tension tests of corroded specimens of the Cu-Al and
Mg-8i-Al type of alloy (858 ‘and 518, respectively), full age-
hardening of which cannot be sccomplished at room temperature,
It will be seen (Fig. 7) that not until the heating had been
contiﬁued long enough to result in a consideravle degree of age-
.hardening, as. shown by the increase in tensile strength, was
there any pronounced change in the behavior of the material
when corroded., Both of these alloys aged atlroom temperature
after quenching .in cold watér were highly "resistant to inter-
crystalline attack but such a treatment does not confer upon the
material the high-—tensile properties Wﬁich accelerated aging
does. (It will be noticed that none of these materials wge ful-
ly resistant in corrosion by the accelerated corrosion test used;
corrosion of the ordinary type, pitting, often was quite severe
and obscured to some extent the effect of the intercrystalline
attack. Milcroscopic examinstion wgs necessary in order to make
certain as to the character of the corrosive attack.)

Durglumin in the quenched-and-aged condition is very seldom
heated intentionally. This may occur, however, incidental to
some coating operations and in welding. The tests summarized 1in
Figure 8 were for the purpose of throwing light on this point as
well as for supplementing the tests on accelerated aging. The
results show that the corrosion resistance of heat-treagted dural-
wnln is very much decreased by subsequent heating of the materisl.

Microscoplic examination of the corroded material showed that for
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the three temperatures used, 135°C, 300°C, and 285°C, the intei-
crystalline attack was most pronounced in the material- heated at:
135°C (Fig. 9). The intercrystalline atback decreased as the Té-
heating temperature was raised above 135°C, the intercrystalline
corrosive attack of the material heated at 285°C being relatively

slight, although the pitting was Quite pronounced.
4. Metallographic Aspects of Heat-Treated Sheet Duralumin

Microscoplc examination failed to show,. even'at high magni-
fications, any structural:featureé whieh-couid be considered as
being characteristic of sheet duralumin which-had been quenched -
in hot water as contrasted with the structure of the same mate-"
rial which had been quenched in cold water. Likewise, X-ray ex-
aminations, by the Laue method, of duralumin sheét heat-treated
in these two ways showed only relatively slight differences be- -°
tween the two,  Without doubt the difference in the corresion -
behavior of sheet durzlumin after these two forms of heat treat-
ment is to be attributed to structural features of a submicro-
scopic character. The case of the increase in the solubility
in acid of hardened steel ﬁpon tempering, a change ordinarily
described as; being a function of the sige of the precipitated
(submicroscopic) carbide particles, may bte cited.as an analogous.

one. ' '
In order to show the naiure of the structural ohange Which

is belleved to underlle the aging of duralumln, it is necessary

that the aging process be accentuaied. Usually this is done by
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prolonging the accelerated aging treatment or by reheating the
alloy after it has been'aged at room temperature. By such a
treatment the particles of the hardening constitugnts become
large enough to be seen with .the microscope. In Flgure 10 are
given thermal analysis curves (inverse-rate method ) of a.sam-.
ple of commercial heat-treated duralumin -sheet. It will be seen
that two heat evolutions &dre shown b& the heating curve, at 200°
¢ and 270°C spproximately,” the exdct nature of which is still in
question but. which are undoubtedly related to the pge-hardening
process. -.The QQol;ng,curve indicates, nothing unusual in the be-
havior of the alloy. . The micrographs of Figure 9 show the struc-
tural appearance of duralumin heated, after aging, at temperao-
tures of 135, 2300 and 285° ¢ respectively, these temperatures
being chosen by reference to the heating curve, together with
the structure of the material after accelerated. corrosion in the
laboratory. It will be seen from these micrographs that, as the
material was heated, the aluminum-rich matrix changed in charuoc-
ter by the appearance of small particles.of the ha rdening con-
stltuents disseminated throughout it. This eppearance became
more pronounced as the heating was continued and the tendency
toward localization of the particles on the grain boundasries be-
came moTe marked: This preferential coglescence of, the parti-
cles on the grain boundaries, is most probably to be assoclated
with'the-interérygtalline form ofcorrosion which ocours ih this

material. However, it is evident that the relation between these
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two phenomena.is:noi a simple one, since the tendeﬁcy to inter-
crystalline corrosion was found to be most marked in spécimens
heated at 135°C in which material the grain boundary pattern was
é%tfeme;y slight whefeas spécimens (385°G) in which thisg pattern
“Was most markedly deveioped showed a much less proncunced ten—

dency toward an intercrystalline attack.
IV, Summary

1. The results summarized in this report show conclusive-
1y that the tendency of sheet duralimin and the related high-
strength alwasinum alloys t0 corrode in an intercrystalline man-
‘ner is intimately related to the method of heat treatment used
for the material.

3« The heat treatment of materials of this type for the
production of high-strength prqpe:ties is carried out in two
stages which are more or less Qisﬁinct, according to the alloy.
The material is first heated at.a temperature sufficiently high
and for a sufficiently long period to permit the. alloy constit-
uents to be taken into solid solution oy the aluminumrrioh ma—
trix and then quenched to maintain this condition at room temper-
ature. The quenoped alloy is then éged.wh;ch, in the case of
duralwnin,. takes place at Toom temperajg;eynlln some of the re-
lated high—strength-alumingﬁ al;pys,_héwgve:, the aging:must be
done at an elevated temperature. By aging, the material becomes

harder and stronger, which result 1ls believed to be brought about
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by the precipitation of submicroscopic particles of the alloy

constituents throughout the aluminum-rich matrix.

3. Cold deformation or forming operations on sheet dural-
umin, if not done upon the annealed materigl, should be carried
out on the quenched material before aging has progressed very
far. This is largely in order to facilitate the forming opera-
tions, however, and not primarily for increasing the corrosion
resistance. The tendency toward intercrystsglline co;rosive at-

tack of fully aged sheet duralumin, which has been cold-worked,

is somewhat grester than that of the unworked heat-treated mate-

rial. But this factor is of somewhat minor importance, as comn-
pared with others which influence the corrosion behavior of -

sheet duralunmin, in this respect..

4, Provided the-temperaturé at which duralumin is heated,
'prior to quénohing, is well above that at which solution of the
alloy constituents py the matrix is attained, no practical ad-
vantage is gained, so far as the corrosion resistance of the wa-

terial is concerned, by the use of very long heating periods.

For l4-gauge sheet, heated at 500°C, a heating period of 15 min-

utes in a fused nitrate bath gave essentially the same Tesults

as were obiained by using periodé éevg:al times as long as this.
If fhe temperature ig sémewhat below that at which complete

solubility of the alloy constituents'is attained, the material

will not be "fully heat-treatéd" and the ¢éorrosion resistance
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will be' felatively low. By longer heating neriods, this condi-
tlon is improved somewhat but such materisl will not e the

equal of that Quenched from a higher temperature.

-

8. The rate at which sheet durelumin-is qirxenched prior to
aging, that is, the quenching medium used;  has a:prcnounced in-
fluence on -its susceptibility toward intercrystalline corrosion.
Sheet wmaterial quenched in hot water shows a very much greater
tendency toward intercrystalline attack than the same material
after being quenched in oold Waﬁor; Oil—qﬁonohed materiai lies
intermedlate between the other two in its oorroslon behaviozr.
The statlc strength properules o; sheet duralumln gquenched in
different media do not differ materlally, however. Hence, the
tensile and related pfOpe:tios cannot De used as a oriterioﬁ of
“the corrosion resistanoe of sﬁch ﬁateiial. However with very
thin sheet duralumln the beneficilal effeot on corr081on resis-

tance of cold wabter quenching is not ordlnarlly apparent.

Be Sheet duralomin_and.related high-strength aluminum al-
loys which, after quenching, have been age-hardened at an elevat-
ed temﬁerature show, in accelerated corrosion fests, a much more
pronounced tendency toward intercrystalline corrosion than does
the quenched material before heabing. The strength properties
after aging; of course are superioi fo those before:aging in
certain alloys which do not age "spontaneously.“ The‘suscépti—

bility of quenched—and-aged duralumin sheet to 1ntercrystalllne



23 _
N.A.C.A. Technical XNote No. 284
corroslon is increascd by heating the heat-treated material - a

condition whichk may occur incidental to some coating operaiions.

7« Sheet durdlumin which has been hest-treated so as. to
possess high resistance to intercrystalline corrosion is not nec-
essarily “corrosion proof." In accelerated corrosion tésts_the
nmore familiar or pitting type of corrosion often occurs in such

materiagl. .

'8; Microscopic and X-ray examinations have . failed to show
any marked and consistent aifference in structure which can be
cbnéideréd as characteristic of the differences resulting from
tﬂefduenching of ‘sheet duralumin in hot ‘water and in ‘cold water,
respectively. The differenice-in corrosion behavior of the mate-—
rigl iﬁ_these two conditions-is most properly to be attributed
ﬁo‘éubmioroscopic structiral differences. As yet, no sure means
for distinguishing between these two conditions, other than an

.

accelerated corrosion test has been round.

S The conclusions summarized nbove as to thé effect of the
variables of heat treatment of sheet- duTalumin upon its suscepti-
'biliﬁy toward intercrystalline corrosion have bcen based upon
accelerated corroeion temts in the laboratory. Weather exnosure
teste of similar waterials are now-in progress for the purpose
of obtaining derinite information on the bchavicr under conditions

more negrly dohparablc witﬂ7fhose'of-scrvicc.
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These exposure tests, so far as they have progressed, con-
firm the accelerated tests in the laboratory, in indicating that
there is little hope of preventing intercrystalline attack of
the high-étréngth aluminum alloy sheet material by control of
composition or avoidance of the common impurities by using spe-
piglly pure metals. However, all.of these tests do indicate
that much can be done by using a rapid coolant in quenching (that
' ig, cold water) and avoiding the use of those alloys for which
‘accelerated éging'is necessary for developing their high-strength
properties in highest degree. While the differences in the rate
of attack may not appear very great in the plotted results of the
accelerated tests, in actual service, as simulated by weather
exposure tests, the useful 1life of hot water quenched duralumin
sheet may be measured in months whereas that of similar material
quenched in cold wabter is a matter of years.

_This control of the rate of quenching and the avoidance of
accelerated aging by heating are the only means, so far found, of
modifying the material itself so as to ninimize the intercrystal-
line form of corrosive attack. I% is so simple a means that 1%
should be addpted even though it may not completely prevent, but
only reduce, this form of corrosive attack. By so doing, the
need forlprotection.of the surface, which subject is discussed in
the next of this series of notes, is thereby made less urgent;
in brief, one should endeavor to depend as little as possible

upon the surface coating applied, regardless of the kind used.
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